Anaplasma ovis (Rickettsiales: Anaplasmataceae) is an intraerythrocytic rickettsial pathogen of sheep and goats (Friedhoff, 1997) . This pathogen is classified in the genus Anaplasma, along with Anaplasma marginale (the type species) and Anaplasma phagocytophilum, which also infect ruminants (Kocan et al., 2003) . Ticks of the genus Dermacentor are biological vectors of A. ovis in the western United States, and persistently infected mammalian or tick hosts may serve as reservoirs of the pathogen (Kocan et al., 2004) .
Although A. ovis does not infect cattle, this pathogen has been reported to infect wild ruminants (Kuttler, 1984) . For example, mule deer (Odocoileus hemionus), white-tailed deer (Odocoileus virginianus), elk (Cervus elaphus), and pronghorn antelope (Antilocapra americana) are susceptible to experimental infections with A. ovis (Krier and Ristic, 1963; Zaugg, 1987 Zaugg, , 1988 Zaugg et al., 1996) . Furthermore, mountain goats (Oreamnos americanus) and elk captured in Choteau and Madison counties, respectively, in Montana were serologically positive for Anaplasma spp. (Atkinson, unpubl. data) . Rocky Mountain elk (Cervus elaphus nelsoni) can become infected with A. marginale (Kuttler, 1984) . However, the role of these wild ruminants in the epidemiology of A. ovis is unknown.
Bighorn sheep (Ovis canadensis) populations seropositive for Anaplasma spp. were identified in California, suggesting a role for this species in the epidemiology of Anaplasma spp. in the western United States Jessup et al., 1993; Crosbie et al., 1997 ). An A. ovis isolate from bighorn sheep was characterized with monoclonal antibodies and DNA probes , but sequence analysis of pathogen genes was not reported. Bighorn sheep develop clinical disease when experimentally infected with A. ovis, suggesting that wild populations may be adversely affected if exposed to the pathogen in nature. Thus, bighorn sheep translocations from areas with A. ovis infection may pose a risk for the spread of this disease (Tibbitts et al., 1992) .
Many geographic strains of Anaplasma have been identified which differ in biology, genetic characteristics and/or pathogenicity (de la Fuente et al., 2005a) . Although the genetic diversity of A. marginale and A. phagocytophilum (de la Fuente et al., 2005a) has been studied extensively, the genetic diversity of A. ovis has not been characterized.
In this study, we evaluated bighorn sheep from Montana for infection with A. ovis and characterized the genetic diversity of A. ovis strains by sequence analysis of the major surface protein, the msp4 gene. This gene is involved in hostpathogen interactions and has been used to characterize the genetic diversity of other Anaplasma species (de la Fuente et al., 2005a) .
Bighorn sheep (n5180) were captured by helicopter net gun and physical restraint for radio-collaring and translocation to Utah from December 2004 to January 2005 in Sanders, Lewis and Clark, Teton, and Fergus counties, Montana. Blood was collected into separate sterile tubes with and without anticoagulant (lithium heparin) and maintained at 4 C until processed. Plasma and serum were then separated after centrifugation and stored at 220 C. Animals were tested for antibodies to Anaplasma spp. by the State of Montana Department of Livestock Diagnostic Laboratory (Bozeman, Montana, USA) using the cELISA test (VMRD, Inc., Pullman, Washington, USA) (Knowles et al., 1996) , which detects antibodies to the MSP5 antigen conserved between A. marginale, A. phagocytophilum, and A. ovis (Dreher et al., 2005) .
Antibodies to Anaplasma spp. were detected in 25 (14%) of bighorn sheep tested. All the animals seropositive for Anaplasma were captured in one geographic area, the area around the towns of Paradise and Perma, Sanders County, Montana, from which a total of 36 animals were analyzed from two separate herds.
The prevalence of Anaplasma antibodies in this area was 69% (25/36).
DNA was extracted from anticoagulated blood samples of 23 seropositive animals using Tri Reagent (Sigma, St. Louis, Missouri, USA) and following manufacturer's recommendations. The Anaplasma spp. msp4 genes were amplified by polymerase chain reaction (PCR) and sequenced as reported previously (de la Fuente et al., 2002a, b) . Briefly, 1 ml (1-10 ng) DNA was used with 10 pmol of each primer (A. marginale/A. ovis: MSP45: 59-GGGAGCTCCTATGAATTA-CAGAGAATTGTTTAC-39 and MSP43: 59-CCGGATCCTTAGCTGAACAGGAA-TCTTGC-39; A. phagocytophilum: MA-P4AP5: 59-ATGAATTACAGAGAATTG-CTTGTAGG-39 and MSP4AP3: 59-TTAA-TTGAAAGCAAATCTTGCTCCTATG-39) in a 50-ml volume PCR (1.5 mM MgSO 4 , 0.2 mM dNTP, 13 AMV/Tfl reaction buffer, 5ml Tfl DNA polymerase) employing the Access reverse transcriptase-PCR system (Promega, Madison, Wisconsin, USA). Reactions were performed in an automated DNA thermal cycler (Eppendorf MastercyclerH personal, Westbury, New York, USA) for 35 cycles. After an initial denaturation step of 30 sec at 94 C, each cycle consisted of a denaturing step of 30 sec at 94 C, an annealing for 30 sec at 60 C and an extension step of 1 min at 68 C for A. marginale/A. ovis and an annealing-extension step of 1 min at 68 C for A. phagocytophilum. Negative control reactions were performed with the same procedures, but adding water instead of DNA to control contamination of the PCR. The program ended by storing the reactions at 4 C. Polymerase chain reaction products were electrophoresed on 1% agarose gels to check the size of amplified fragments by comparison to a DNA molecular weight marker (1 Kb DNA Ladder, Promega). Amplified fragments were resin-purified (Wizard, Promega) and cloned into the pGEM-T vector (Promega) for sequencing both strands by double-stranded dye-termina-tion cycle sequencing (Core Sequencing Facility, Department of Biochemistry and Molecular Biology, Noble Research Center, Oklahoma State University, Stillwater, Oklahoma, USA). At least two independent clones were sequenced for each PCR. The msp4 coding region was used for sequence alignment. Multiple sequence alignment was performed using the program AlignX (Vector NTI Suite V 5.5, InforMax, North Bethesda, Maryland, USA) with an engine based on the Clustal W algorithm (Thompson et al., 1994) .
The Anaplasma spp. msp4 sequences were amplified and sequenced in nine (39%) of the 23 seropositive samples. The differences in the results of PCR analysis as compared with the serology results may be explained by the sensitivity of the PCR (5 copies msp4/ng DNA), which may be lower than the infection level usually found in carrier animals. All sequences corresponded to A. ovis. Sequence analysis of msp4 amplicons demonstrated a single genotype in infected animals, identical to the A. ovis Idaho isolate reference sequence (Genbank accession number AF393742; de la Fuente et al., 2002a) . Anaplasma phagocytophilum and A. marginale were not detected in any of the samples by use of the msp4 PCR.
The absence of A. marginale and A. phagocytophilum infections in this herd of bighorn sheep may be because of the limited host range of A. marginale, which infects primarily cattle and cervids (Kuttler, 1984) , the absence of biological and mechanical vectors for these pathogens, and/or the possibility that some Anaplasma genotypes may exclude the multiplication of other genotypes as has been described for A. marginale, A. ovis, and A. phagocytophilum strains (de la Fuente et al., 2002b; Stuen et al., 2005) .
Genetic diversity of A. marginale strains has been described within cattle herds and geographic locations, suggesting that multiple introductions of genetically diverse strains of the pathogen occurred in most geographic areas with further diversification by cattle movement (de la Fuente et al., 2005a) . Maintenance of different genotypes by independent transmission events was shown to occur by infection exclusion of A. marginale in cattle and ticks, which results in the establishment of a single genotype in most animals (de la Fuente et al., 2005a) . Genetic diversity of A. phagocytophilum strains also occurs in geographic regions, but ruminant and nonruminant strains of the pathogen can be differentiated by use of the msp4 sequence (de la Fuente et al., 2005b) .
Although the data available for A. ovis msp4 is limited to a sheep isolate from Idaho (Genbank accession number AF-393742; de la Fuente et al., 2002a) , two A. ovis genotypes reported from sheep in Sicily, Italy (Genbank accession numbers AY702923 and AY702924; de la Fuente et al., 2005c) and those reported herein, the results from this study demonstrated that, although A. ovis msp4 genotypes may vary among geographic areas, the variation observed thus far is less than that observed in A. marginale and A. phagocytophilum. This finding may have resulted from restricted movement of infected hosts. Additionally, the limited host range of A. ovis as compared with A. phagocytophilum may have also contributed to the lack of genetic diversity of this rickettsia.
The role of bighorn sheep in the epidemiology of A. ovis has not been well characterized. The results described herein support the potential for bighorn sheep to serve as wildlife reservoirs of A. ovis. 
